High-resolution geophysical and sediment sampling surveys were conducted offshore of the Grand Strand, South Carolina to define the shallow geologic framework of the inner shelf. Results are used to identify and map Holocene sediment deposits, infer sediment transport pathways, and discuss implications for the regional coastal sediment budget.
Introduction
South Carolina's Grand Strand lies along an arcuate coastline extending from the North Carolina border south to Winyah Bay (Fig. 1 ). This section of coast is one of the most populated within South Carolina and includes heavily developed resort cities and coastal communities. Decadal-scale erosion rates for the Grand Strand are relatively low (Anders et al., 1990; Morton and Miller, 2005) , yet the economic impact of coastal erosion and storms has been costly to the region (Finkl and Pilkey, 1991; Gayes, 1991; Hayes and Michel, 2008; Stauble et al., 1991) . Currently, beach nourishment is the most common method used in South Carolina to protect the shoreline from coastal erosion and severe storms. Nourishment is costly and controversial (Hayes and Michel, 2008) and requires a readily available source of sand. In order to identify and effectively manage the coastal resources needed to mitigate erosion and storm impacts along the Grand Strand, a better understanding of the factors influencing the evolution of the shoreline is needed.
The Grand Strand lies within Long Bay, an embayment bound by Cape Fear to the north and Cape Romaine to the south (Fig. 1) . Presently, the region receives no direct input of fluvial sandy sediments, as no major rivers intersect the coast north of the Winyah Bay estuary (Hayes, 1994; Patchineelam et al., 1999) . To the south, the Piedmont-draining Pee Dee River system joins several coastal plain rivers to form the Winyah Bay estuary. The Pee Dee River is the second largest source of fluvial sediment within the Georgia Bight (Hayes, 1994) . However, the placement of dams along the Pee Dee River and trapping of fine-grained sediment within the bay and adjacent salt marshes have restricted sediment input into the littoral system of the Grand Strand (Hayes, 1994; Patchineelam et al., 1999) . To the north, sediment from the Cape Fear River is predominantly deposited in the Cape Fear spit and shoal complexes (Denison, 1998; Patchineelam et al., 1999) and supplies minimal, if any, sand to the Long Bay coast (Hayes, 1994) .
Because the Grand Strand littoral system is essentially a closed system without any external headland sources, beach sand must be derived from other sources, including erosion of the inner shelf, shoreface, and/or older shoreline deposits backing the modern beaches (Brown, 1977; Giles and Pilkey, 1965; Pilkey et al., 1981; Putney et al., 2004) . The processes responsible for transporting sediment from the inner shelf to the shoreface are complex and poorly understood (e.g., Nittrouer and Wright, 1994; Warner et. al., 2012; Wright, 1987; Xu and Wright, 1998) . However, nearshore studies have identified inner shelf sediment transport as an essential component of coastal sediment budgets (e.g., Batton, 2003; Conley and Beach, 2003; Hinton and Nicholls, 2007; Riggs et al., 1996 Riggs et al., , 1998 Schwab et al., 2000; Thieler et al., 1995 Thieler et al., , 2001 Wehmiller et al., 1995; Wright et al., 1991) . Adding to the complexity of coastal sediment budgets and coastal change is the influence of a complex geologic framework of older stratigraphic units that occur beneath and seaward of the littoral zone (Belknap and Kraft, 1985; Evans et al., 1985; Harris et al., 2005; Locker et al., 2003; Miselis and McNinch, 2006; Riggs et al., 1995; Schwab et al., 1997 Schwab et al., , 2000 Thieler et al., 1995 Thieler et al., , 2001 .
To better understand the factors controlling coastal erosion within the Grand Strand, the U.S. Geological Survey (USGS), in partnership with the South Carolina Sea Grant Consortium (SCSGC), conducted a series of geophysical and sampling surveys along the Long Bay inner shelf. The overall objectives are to provide an understanding of the shallow geologic framework and its role in coastal evolution, to identify and model the physical Fig. 1 . Location map of the study area showing major coastal landforms, and geophysical tracklines and surface grab sample locations occupied during the inner-shelf marine geophysical surveys. Insert map shows major water bodies, coastal landforms, and the study area outlined in black.
processes affecting coastal ocean circulation and sediment transport, and to identify sediment sources and transport pathways. This paper builds upon the stratigraphic framework of the Long Bay inner shelf presented in (Baldwin et al., 2006) and describes the inner shelf in terms of seabed morphology and the distribution of Holocene sediment. Mapping results are used to identify inner shelf Holocene sediment deposits, infer sediment transport pathways, and discuss implications to the coastal sediment budget.
Geologic setting

Coastal morphology
The Grand Strand lies along 100-km of coastline within the apex of Long Bay (Fig. 1) . Long Bay represents a transition zone between the wave-dominated, microtidal coast of North Carolina and the tidally controlled, mesotidal coast of southern South Carolina and Georgia (Brown, 1977; Hayes, 1994; Hayes et al., 1993) . The bay is characterized as a mixed-to wave-dominated energy environment, with a tidal range o2 m and mean nearshore wave heights between 1.2 and 1.3 m (Hayes, 1994) . Winds within Long Bay vary seasonally, but yearly averages show that winds generally align with the southwest/northeast orientation of the coast (Blanton et al., 1985; Brown, 1977) . Northerly winds dominate in the fall and winter, and during the spring and summer south and southwest winds prevail (Blanton et al., 1985; Brown, 1977) . Wind direction influences wave approach along this coastline. Predominant seas are from the northeast and southeast, which generates swell mostly from northeast and east (Anders et al., 1990) . The northeast and east swell direction produces a dominant longshore current to the southwest within Long Bay (Brown, 1977) .
Unlike the central and southern South Carolina coast, the Grand Strand has few barrier islands and tidal inlets and relatively narrow, poorly developed salt marshes (Brown, 1977; Hayes, 1994) (Fig. 1) . Existing barrier islands and inlets are limited to the northern and southern extents of the study area. The central two-thirds of the Grand Strand is lined with sandy beaches that are welded to mainland Pleistocene barrier-island deposits (DuBar, 1971; Hayes, 1994; Putney et al., 2004) . The mainland-attached shoreline has small, local drainage channels, or swashes, that drain the upland regions to the coast ( Fig. 1 ) (Hayes, 1994) . The mainland coast is considered to be relatively stable, as long-term shoreline erosion rates are less than 1 m/yr (Anders et al., 1990; Morton and Miller, 2005) . The areas of greatest shoreline change within the Grand Strand are around modern inlets (Fig. 2) (Anders et al., 1990; Morton and Miller, 2005) .
Geologic framework
Repeated transgressive-regressive cycles during the PliocenePleistocene greatly modified the morphology of the Grand Strand and northern Long Bay. Piedmont and coastal plain rivers drained across the inner shelf during sea-level lowstands, deeply incising Cretaceous and Tertiary deposits (Colquhoun, 1972; Baldwin et al., 2006; Brown et al., 1980; Gayes et al., 1992; Wright et al., 1999) . Sand supplied by rivers accumulated on the inner shelf seaward of the present shoreline. As sea level rose, inner-shelf and nearshore processes reworked these sand deposits. Across the lower coastal plain, thick Pliocene-Pleistocene barrier island complexes were deposited at various sea-level highstands. The paleo-barrier deposits decrease in age and elevation towards the present shoreline and record the landward extent of submergence through time (Colquhoun et al., 1991; Owens, 1989; Putney et al., 2004) . The Myrtle Beach paleo-barrier complex backs the modern shoreline and was the last large Pleistocene barrier-island complex deposited across the entire Grand Strand coastline (DuBar and DuBar, 1980; McCartan et al., 1984; Owens, 1989) .
On land, Holocene coastal deposits are distributed unevenly along the Grand Strand and form the present-day beaches. South of Murrells Inlet and north of Myrtle Beach, relatively thick and wide Holocene deposits form beaches, salt marshes, barrier islands, and spits (Putney et al., 2004) . Along the mainland beaches of the Grand Strand, Holocene sand deposits are narrow and thin. Here, Pleistocene paleo-barrier deposits have eroded landward of the shoreline due to the lack of protective barriers (Putney et al., 2004) . Storm-induced erosion commonly exposes semi-consolidated Tertiary-age deposits on the beach and upper shoreface in these areas (Gayes et al., 2003) . Beach sediments along the Grand Strand are suggested to be primarily derived from erosion of the Pleistocene beach-ridge deposits backing the modern coast (Brown, 1977; Hayes, 1994) and possibly an offshore or shelf source (Giles and Pilkey, 1965) . Beach sediments generally range from fine to medium sand (Brown, 1977; Slovinsky, 2001) , with slightly finer-grained sediment in the north and gradually increasing in grain size to the south toward Surfside Beach/Garden City Beaches (Nelson, 1991) .
Methods
The study area covers $ 800 km 2 of the inner shelf from the shoreface to $ 9 km offshore ( Data from these cruises can be found in Baldwin et al. (2007) , Dadisman et al. (2001a Dadisman et al. ( , 2001b , Hill et al. (2000a Hill et al. ( , 2000b , and Roberts et al. (2002) . Geophysical data were acquired using a chirp sidescan-sonar system (100-105 kHz), a chirp subbottom profiler (2-7 kHz), a boomer subbottom profiler, (300 Hz-3 kHz) and an interferometric sonar (234 kHz) during offshore surveys aboard the R/V Atlantic Surveyor and R/V Megan Miller. Nearshore surveys aboard the R/V Coastal II used a dual-frequency (100/500 kHz) sidescan-sonar system, a chirp subbottom profiler (500 Hz-12 kHz) and an interferometric sonar (234 kHz). Positioning for the research vessels and geophysical and sampling instrumentation for all surveys was determined through use of Differential Global Positioning System (DGPS) navigation. A full description of data acquisition and processing procedures is presented in Baldwin et al. (2004 Baldwin et al. ( , 2007 and Denny et al. (2007) .
Surficial sediment samples ( Fig. 1 ) were collected to provide groundtruth for acoustic backscatter and to characterize the surficial sediment distribution within the study area. Sample locations were selected based on backscatter variations observed in the sidescan-sonar mosaic (Fig. 3) . A total of 722 grab samples were collected by Coastal Carolina University during three cruises aboard the NOAA vessels R/V Ferrel (2000 Ferrel ( -2001 and R/V Nancy Foster (2002) . No samples were collected in the southern part of the study area between North Island and Winyah Bay. Grain-size analyses were conducted following the methodology of Poppe et al. (1985) and textural analysis results can be found in Denny et al. (2007) .
Volume calculations of Holocene sediment thickness are based on high-resolution, chirp subbottom records. Only areas with sediment thickness of 1 m or greater were used in the calculations, as the vertical resolution of the seismic systems used within this study is on the order of $ 1 m.
Results
Seafloor morphology
The inner shelf offshore of the Grand Strand is low relief and dips gently seaward (Fig. 4) . Water depths range from $ 2 m at the shoreward edge to 14 m at the seaward edge of the survey area, roughly 9 km offshore. The seafloor gradient varies across the inner shelf with the steepest slopes averaging 7-8 m/km in water depths less than 7 m and more gradual slopes of 0.5-1 m/ km offshore, in water depths greater than 7 m. The greatest bathymetric variability is found within shoal complexes that cross the survey area (Fig. 4) .
The northernmost shoal complex abuts the shoreface of Waites Island and extends southwest along the coast from Little River Inlet to Hog inlet. The shoal is approximately 9 km in length and 2 km in width and extends from the shoreface to $9 m water depth (Fig. 4) . Within the shoal complex, the shoreface has a smooth seaward-dipping slope.
A relatively large, shore-oblique shoal extends northwestsoutheast between the lower shoreface of northern Myrtle Beach and the seaward edge of the survey area in water depths ranging from $ 8 to 10 m (Fig. 4) . The shore-oblique shoal is approximately 2 m high, 5-6 km wide, 11 km long, and shows no discernible asymmetry.
Offshore of Murrells Inlet two well-developed shoals extend from the shoreface to the offshore extent of the survey area, ranging from $ 4 to 12 m water depths (Fig. 4) . These shoals are To the south, a large shoal complex centered at North Inlet extends from the nearshore bounds to the seaward limit of the survey area in water depths ranging from $ 4 to 12 m. The shoal complex as defined here includes a small inlet-associated shoal directly offshore of North Inlet and a series of shore-oblique ridges that cover the survey area off Pawleys and North Islands (Fig. 4) . Ridges are oriented $ 351 to the coast in the nearshore and $45-501 to the coast offshore and average $ 2-3 m in relief, with locally higher relief up to $4 m.
Relatively small, low relief ridges are present throughout the remainder of the survey area. The ridges are generally less than 1 m high and $1 km wide and range in length from $ 0.5-3 km. They are commonly oblique to the shoreline, with acute angles opening to the northeast and have slight but varied asymmetry.
Holocene sediment distribution
Holocene sedimentary deposits on the Long Bay inner shelf overlie a regional unconformity that most likely represents multiple periods of transgression and regression across the inner shelf and lower coastal plain since the Pliocene-Pleistocene (Baldwin et al., 2004 (Baldwin et al., , 2006 Colquhoun et al., 1991; DuBar et al., 1974; Pilkey et al., 1981) . This erosional surface is a major bounding unconformity separating truncated Cretaceous and Tertiary continental shelf deposits and Pleistocene paleochannel-fill deposits from younger Holocene sediments (Fig. 5) . Within the seismic record, the Holocene deposits within Long Bay are acoustically transparent.
The thickest Holocene deposits on the Long Bay inner shelf were mapped in the southern and northern regions of the survey area (Fig. 6) . Sediment cover within the central portion of the study area is thin to absent. Cretaceous and Tertiary continental shelf deposits and Pleistocene channel-fill deposits are exposed at the seafloor in these areas and form low relief hardgrounds (Fig. 7) . Sediment recovered by grab samples shows that a thin, discontinuous veneer of sediment is present, but deposits are too thin ( o1 m) to be resolved by the seismic systems used in this study.
At the northern boundary of the study area, Holocene deposits form the narrow shoal complex that abuts the shoreface off Little River Inlet (Fig. 6 ). Sediment thickness within the shoal complex ranges from 1 to 6 m and total sediment volume is $17 M m 3 (Table 1) .
Offshore of northern Myrtle Beach, Holocene sediments form a shore-oblique shoal (Fig. 8) , predominately composed of mediumgrained quartz sand (Baldwin et al., 2004) . Sediment is $ 3 m thick near the center of the shoal (Fig. 8) , and total sediment volume is $ 5 M m 3 (Table 1) .
Holocene deposits in the south are concentrated around Murrells Inlet and North Inlet (Fig. 6 ). Holocene sediment within the shore-perpendicular shoals offshore of Murrells Inlet is approximately 1-4 m thick (Fig. 5 ) and total volume of the entire shoal complex is $ 23 M m 3 (Table 1) . Within the shoal complex offshore of North Inlet/North Island, sediment thickness ranges from 1 m to 4 m ( Fig. 9 ) and total sediment volume is $ 22 M m 3 (Table 1) .
) of the sand stored in shoal complexes on the inner shelf lies in the southern third of the study area.
Sediment texture
Surface sediments within the Long Bay inner shelf are predominately siliciclastic sands . Grain sizes range from fine to coarse sand, with a mean grain size of medium sand (1.6 phi) (Fig. 10) . Sediments show moderate to poor sorting (mean value 1.09) and are generally negatively skewed (mean value -0.29), with sediments within Little River shoal complex the most positively skewed (mean value 0.03) ( Table 1) .
Moderately sorted fine sands are concentrated within the shoal complexes with the exception of North Inlet shoal, which is poorly sorted, medium to coarse sand, strongly negatively skewed. Smaller pockets of moderately sorted, fine sand are also distributed along the crests of the small low-relief ridges offshore of Myrtle Beach and Surfside Beach. Moderate to poorly sorted medium sand covers much of the remainder of the shelf surface in the northern half of the study area. These sediments are generally negatively skewed. Much of the southern part of the study area away from shoals is poorly sorted coarse sand, also strongly negatively skewed. No sediment textural data are available south of North Inlet.
Discussion
Inner-shelf holocene deposits
The largest deposits of Holocene sediment preserved on the inner shelf form shoal complexes, primarily offshore of modern tidal inlets (Fig. 6) . The Holocene sediments are generally moderately sorted fine sand, stand in relief against the gently, seaward dipping inner shelf, and are concentrated to the southwest. These deposits cover roughly one third of the survey area and contain $ 67 M m 3 of sediment, approximately 96% of the sediment stored on the inner shelf (Table 1) . With the exception of sediment exchange related to modern inlet processes, the Holocene sedimentary deposits are likely derived from reworking of relict fluvial and inner shelf deposits (Pleistocene channelfill and Cretaceous/Tertiary strata) during the most recent transgression and continue to be modified by oceanographic processes. Fig. 6 . Map of the Holocene sediment thickness within the study area. The location of shoal complexes is displayed. Sediment thickness was mapped using chirp subbottom profiles, and a sound velocity of 1500 meters/second was used to convert depth from time to meters (Baldwin et al., 2004) . Areas within the study area where the seafloor bathymetry is visible indicate sediment thickness of o 1 m. The background shaded relief imagery is a digital elevation model of the northeastern South Carolina coastal plain (NOAA-NGDC, 2001), overlain with USGS hydrography at a 1:24,000 scale. Holocene sediments form the shoal complex and are shown to overlie a regional unconformity. Underlying Tertiary deposits and Pleistocene channel-fill deposits have been truncated by the unconformity. The broad expanse of paleo-channels underlying the unconformity is likely associated with ancestral drainage of an inlet system at times of lower sea level (Baldwin et al., 2004) .
At the northern boundary of the study area, the Waites Island shoal complex abuts the shoreface and is associated with the modern Little River and Hog Inlets that bound the shoal to the north and south, respectively. Baldwin et al. (2004) mapped small channels lying above the regional unconformity in the nearshore off Waites Island. These features are interpreted as former drainage systems of tidal creeks, swashes, or small tidal inlets that formed when sea level was slightly lower than present. Based on evidence of earlier drainage in the area and its location off modern inlets, we interpret the Holocene deposit to mark the landward migration of the Waites Island transgressive barrier system during recent sea-level rise.
The shore-oblique shoal offshore of Myrtle Beach is anomalous, in that it is the only significant Holocene deposit on the inner shelf that is not associated with an active tidal inlet. The maximum age of the shoal is constrained by two radiocarbondated shells that returned ages of 4810-4520 cal. yr BP . We interpret the shoal to likely represent a reworked inlet deposit, possibly a remnant of a tidal delta or sand deposit constrained to the throat of an inlet, similar to the sand deposits of mixed-energy transitional inlets described by Hubbard et al. (1979) . No active inlets presently lie inshore of the shoal deposit; however, the work of Baldwin et al. (2004) and Lennon et al. (1996) suggest that a tidal inlet may have existed at this location during the early Holocene. Small shallow channels mapped above the regional unconformity inshore of the shoal deposit indicate the presence of back-barrier creeks, swashes, or tidal channels (Baldwin et al., 2004) . On land, a series of small lakes bound to the north and south by Whitepoint and Singleton swashes are interpreted to represent the remnants of a back-barrier lagoon Here, Tertiary continental shelf deposits and Pleistocene channel-fill deposits are exposed on the seafloor. Little to no Holocene sediment is present in this area. The seafloor is characterized by an irregular, erosional surface yielding the complex backscatter patterns displayed within the sidescan-sonar imagery. This erosional surface is interpreted as a regional transgressive unconformity and most likely represents multiple periods of transgression and regression across the inner shelf and lower coastal plain since the Pliocene-Pleistocene (Baldwin et al., 2004 (Baldwin et al., , 2006 . that was filled in as a transgressive barrier island welded to the mainland (Lennon et al., 1996) . Elevated Pleistocene paleo-barrier deposits would have inhibited expansion of the lagoon further inland, and as the lagoon decreased in area, the tidal inlet eventually closed due to loss of tidal prism. A series of small channels were also mapped in the nearshore off the Murrells Inlet shoal complex (Baldwin et al., 2004) . These channels are interpreted as tidal creeks, swashes, or small tidal inlets that drained the upland regions at periods of lower sea level. Seismic records show that these channels are bound by two flat-lying erosional unconformities that merge in water depths of 6-8 m (Baldwin et al., 2004) . The lower unconformity is interpreted as a tidal ravinement surface formed early in the transgression at the base of tidal channels or creeks. The upper unconformity likely represents the shoreface ravinement, marking surf zone erosion of marginal marine deposits during transgression. Following this interpretation, the shoal deposit represents the landward migration of the tidal inlet system as the shoreline Fig. 3 for location. Holocene sediment in this area has been organized into a series of relatively large, shore-oblique ridges that overlie the regional unconformity. The ridges show some asymmetry with steeper south/southwest-facing slopes. Where Holocene sediment is thin (o 1 m), Pleistocene channel-fill deposits are exposed on the seafloor. The broad paleo-channel that incised Tertiary deposits is likely associated with ancestral drainage of the Pee Dee River system (Baldwin et al., 2006) . transgressed, with the location of the inlet system constrained by the underlying framework. Drainage of the ancestral Pee Dee River system formed a topographic low across the lower coastal plain and inner shelf proximal to the modern Murrells Inlet (Baldwin et al., 2006; Gayes, 1992) . The relict topography and more erodible fluvial deposits that fill this low are interpreted to have preferentially focused drainage and allowed maintenance of the inlet system in this location during transgression.
Based on stratigraphy from North Inlet and the Holocene sea-level curve of Brooks et al. (1989) , Gardner and Porter (2001) postulated that at ca. 6.5 ka, sea level was$ 4 m below present, and the mouth of the Pee Dee River was located $5 km farther north and slightly offshore of its current position at the mouth of Winyah Bay. This interpretation matches well with a mapped channel described by Baldwin et al. (2004) that incised Tertiary deposits beneath North Island and across the study area, suggesting that the Pee Dee River system continued to occupy this area between the Last Glacial Maximum lowstand (ca. $ 20 ka) and the subsequent Holocene rise in sea level, until ca. 6.5 ka (Baldwin et al., 2006) . Thus, it is possible that some of the modern sediment forming the North Inlet/North Island shoal complex was derived from reworked early Holocene fluvial sediment deposited by the Pee Dee River.
The distribution of Holocene sediment on the inner shelf shows that more sediment lies to the southwest (Fig. 6 ). This is attributed to a combination of ancestral drainage patterns, a regional shift in sediment supply in the late Pleistocene, and sediment exchange related to modern inlet processes. Baldwin et al. (2006) developed a paleogeographic reconstruction of the ancestral Pee Dee River system within the lower coastal plain and inner shelf of Long Bay. They identified seven different locations where the Pee Dee River intersected the Grand Strand coastline from North Myrtle Beach to Winyah Bay between the late Pliocene and late Pleistocene. The slow southwestern migration of the Pee Dee River to its present location at Winyah Bay was primarily influenced by deposition of Pleistocene barrier island complexes on the coastal plain during sea-level highstands. The abundant supply of Blue Ridge, Piedmont and coastal plain sediments that supplied the large barrier-island complexes into the late Pleistocene was cut off as the Pee Dee migrated to its present position. Baldwin et al. (2006) suggest that a shift in regional sediment supply from central Long Bay to the south occurred within the late Pleistocene, evidenced by the reduced size and extent of Late Pleistocene and early Holocene shoreline deposits. Once the Pee Dee River occupied positions to the south, fluvial sediments were delivered too far to the south to be efficiently transported north by waves and currents to supply the coast with enough sediment to form thick barrier deposits. The reduced input of fluvial sediment to the region resulted in relatively thin and discontinuous Holocene deposits that form the modern beaches along the Grand Strand and influenced the present distribution of Holocene sediment on the inner shelf.
Where sediment is readily available on the inner shelf, waves, currents, and tides organize the deposits into a series of bedforms. Relatively large shore-oblique ridges have formed within the southern shoal complexes of Murrells Inlet and North Island/North Inlet (Fig. 9) . The orientation of the ridges varies from 351 to the coast in the nearshore to 501 offshore. Where sediment is limited, only small, low relief ridges have formed on the inner shelf. These features are thought to be the result of a thin, mobile veneer of sediment being transported by modern littoral processes across an irregular, erosional surface that formed during the last transgression.
Sediment transport pathways
The general morphology of the inner shelf and local distribution and textural variation of sediment can be used to infer longterm net sediment transport directions within Long Bay. Despite the thin veneer of sediment over most of the north and central regions of the study area, present-day hydrodynamics have organized available sediment into a series of low-relief ridges. The ridges show some asymmetry with slightly steeper, southwest-facing slopes. Sediment distribution along the ridges displays a fairly consistent pattern. Moderately well sorted finegrained sand is generally concentrated along the crest and southwest-facing slope of the ridges and poorly sorted, coarsergrained sand is centered on the north-facing slopes and in the troughs between ridges (Fig. 11) . We interpret this textural pattern to indicate a net transport of mobile material to the southwest. Currents transport fine-grained sand across the ridge crest, leaving coarser material in the trough between ridges and on the up-current northeast-facing slope. Similar processes have been described offshore of southern Long Island, New York by Schwab et al. (1997 Schwab et al. ( , 2000 where reworking of inner-shelf sediment deposits results in selective transport of finer-grained sediments, leaving behind a coarse-grained winnowed lag. Where sediment availability is greatest, such as offshore of North Island, well-developed ridges display clear asymmetry with steeper southwest-facing slopes (Fig. 9) . The processes forming and maintaining these features is beyond the scope of this paper; however, these features are morphologically similar to shore-face attached ridges described in other nearshore areas (e.g. Calvete et al., 2001; Goff et al., 1999, Hayes and Nairn, 2004; McBride and Moslow, 1991; Snedden et al., 1999; Trowbridge, 1995; Van de Meene and Van Rijn, 2000; Vis-Star et al., 2007) . Based on these studies, we interpret ridge orientation and asymmetry as a further indication of winnowing and net movement of the finer component to the south.
However, on a regional scale, textural variation of the inner shelf shows relatively more poorly sorted, coarser grained sediments in the southwest (Fig. 10) . These sediments likely reflect the impact of fluvial drainage and sediment supply from the ancestral Pee Dee River system since the late Pleistocene. We suggest that although inner shelf deposits are being winnowed and finer sediment transported southward, the net sediment flux is not great enough to mask the original distribution of sediment, leaving a coarser signature to the southwest. Warner et al. (2012) measured winds, currents, waves, and suspended sediment concentrations offshore of Myrtle Beach over a six-month period in 2003/2004. These data were analyzed to assess sediment transport processes on the inner shelf. Analyses of the data show that locally high winds correlate strongly with peaks in wave energy and although tidal-driven currents alone were not strong enough to mobilize sediment, oscillating currents associated with storm-wave-driven currents were able to suspend sediment. A combination of tidal and wind-driven surface currents and near-bed circulation during wave events was found to influence the direction and magnitude of sediment transport within Long Bay (Warner et al., 2012) . Additionally, modeling results show that different storm patterns that pass through the region influence the magnitude and direction of sediment transport (Warner et al., 2012) . Cold fronts and warm fronts were found to generally drive sediment toward the northeast. During passage of these fronts, wind initially blows out of the southwest and shifts to the northeast (cold front), or blows out of the northeast and shifts to the southwest (warm front). The winds from the southwest have a stronger influence on the direction of sediment movement due to the larger fetch and thus the generation of larger waves. Low-pressure systems (e.g. nor'easters), however, were found to drive sediment to the southwest in a constant, uni-directional pattern. Winds blow primarily from a northerly direction and strong wind-generated currents and waves are directed towards the south. During the observation period described by Warner et al. (2012) , net along-shore sediment transport was towards the southwest, with a weaker cross-shore component directed onshore. These observations add support to our interpretation of the offshore mapping data, where qualitative analysis of innershelf morphology, sediment distribution and sediment textural trends indicates long-term net movement of sediment alongshore to the southwest. The weak onshore-directed flow component observed by Warner et al. (2012) indicates that the mobile sediment mapped on the inner-shelf can indeed be transported onshore during the dominant weather storm events affecting the study area. This process driving cross-shore sediment transport has broad implications for the development of regional coastal sediment budgets by identifying the inner shelf as a viable sand source.
The oceanographic observations and geologic interpretations of the Long Bay inner shelf apply to different temporal scales, Fine sand is concentrated on the ridge crest and steeper, south-facing slope. Medium to coarse-grained sediment is focused within the trough between ridges and along the north-facing slope. Currents transport fine sand and deposit sediment on the ridge crests and south-facing slopes, winnowing finer sediment from the trough and north-facing slopes, leaving a coarse lag. The geomorphic and textural variations suggest a long-term southwest transport of sediment within the study area. (Figure  modified from Barnhardt, 2009). however the results of both studies support net transport of sediment to the southwest, and the work of Warner et al. (2012) further suggests that low-pressure systems are the primary events driving sediment flux within the study area.
Regional sediment budget
Gayes et al. (2003) developed a regional ''conceptual sediment budget'' for the Grand Strand to provide a qualitative model of the long-term processes affecting shoreline behavior. Sources, sinks, and net sediment transport pathways were defined based on beach profiles, historical shoreline data and long-term erosion rates (Anders et al., 1990; Morton and Miller, 2005) , U.S. Army Corps of Engineers dredging records, and geophysical data collected onshore (Putney et al., 2004) and offshore (Baldwin et al., 2004) (Table 2 ). This conceptual sediment budget assumes that the total volume of sediment within the coastal system remains constant (losses are balanced by gains), and that the system receives no additional sediment from fluvial sources or adjacent coasts to the north and south.
The total sediment source of $ 104,000 m 3 /yr eroded from the shoreface and $495,000 m 3 /yr accounted for from sink estimates leaves a deficit of $391,000 m 3 /yr in the conceptual sediment budget (Table 2) . Engineering studies resolve such deficits by focusing on potential sand sources in the shoreface and subaerial segments of the coastal system (e.g. Kana, 1995) . These approaches assume a 'depth of closure', a water depth considered the seaward limit of significant net sediment transport between the nearshore and the offshore (Bruun, 1962; Douglas, 1995; Hallermeier, 1981a Hallermeier, , 1981b Birkemeier, 1985; Heilman et al., 2006; Lee and Birkemeier, 1993; Nicholls et al., 1998) . Depth of closure for the Grand Strand has been defined as $ 5-8 m (Park et al., 2009; USACE, 2007) . Offshore mapping results (Putney et al., 2004 and this paper: Fig. 6 ) indicate no adequate source of sediment exists within these limits to balance the coastal sediment budget of Gayes et al. (2003) , leading these authors, Ojeda et al. (2004) and Park et al. (2009) to suggest that the deficit in the sediment budget can be addressed by the input of sediment from the inner shelf to the shoreface. The concept of cross-shelf sediment flux is supported by other studies that point to erosion of the inner shelf as a significant source of sediment to the shoreface (e.g., Demarest and Leatherman, 1985; Hine and Snyder, 1985; Milliman et al., 1972; Morton et al., 1995; Pierce, 1969; Pilkey and Field, 1972; Pilkey et al., 1981; Pilkey et al., 1993; Riggs et al., 1995 Riggs et al., , 1996 Riggs et al., , 1998 Schwab et al., 1997 Schwab et al., , 2000 Schwab et al., , 2013 Snedden et al., 1988; Thieler et al., 1995 Thieler et al., , 2001 Wehmiller et al., 1995) . These and other geologic studies discount the concept of depth of closure as an adequate measure of decadal-to centennial-scale shoreline evolution, despite its standard use in engineering applications. Based on volume calculations of the Holocene sediment in this study, we determined that the available volume of sediment on the inner shelf is $ 70 M m 3 (Table 1 ). These estimates suggest that there is sufficient volume of sediment to account for the $ 391,000 m 3 /yr deficit within the conceptual sediment budget proposed by Gayes et al. (2003) , but the distribution of sediment is not uniform on the shelf. The largest inner shelf Holocene deposits lie offshore of the most dynamic areas of the coast. Longterm erosion rates (Anders et al., 1990; Morton and Miller, 2005) show that the greatest amount of change in shoreline position over the period from the 1850s to the 1980s has occurred around inlets and some of the larger swashes along the Grand Strand (Fig. 2) . Rates of change of up to 10 m/yr have been documented for segments of the barrier-island shoreline adjacent to North, Murrells, and Little River Inlets (Anders et al., 1990; Morton and Miller, 2005) . These shoreline segments are fronted by relatively large accumulations of Holocene sediment on the inner shelf and are backed by Holocene salt marshes. In comparison, the mainland-attached beaches along the central portion of the Grand Strand, which have a smaller offshore sand source, have remained relatively stable, with rates of retreat generally o0.5 m/yr (Figs. 2 and 6) (Anders et al., 1990; Gayes et al., 2001 ). The relatively stable central beaches are fronted by erosion-resistant exposures of older Cretaceous, Tertiary, and Pleistocene channelfill deposits (Baldwin et al., 2004) , with only a thin veneer of modern sediment present on the inner shelf, and backed by Pleistocene shoreline deposits. We speculate that the relative stability of the central mainland-attached beaches is due to the erosion-resistant nature of the shoreface; however, minor erosion must be occurring to maintain the thin sediment cover that forms the modern beach. If we are to believe that there is a sediment deficit, the most likely place for this exchange is along the barrierisland segments of coast where we have mapped the largest sediment bodies (likely source) and shoreline change analysis shows that the shoreline is more dynamic in behavior.
Conclusions
The largest deposits of Holocene sediment preserved on the Long Bay inner shelf form shoal complexes offshore of modern tidal inlets and within a shore-oblique shoal deposit offshore of Myrtle Beach. These deposits cover roughly one third of the survey area and contain $ 67 M m 3 of sediment, approximately 96% of the sediment stored on the inner shelf. Due to a general lack of modern fluvial sand flux into the region, the inner-shelf Holocene deposits are likely derived from antecedent deposits reworked during the Holocene transgression. Thicker Holocene sediment deposits in the southwestern region of the study area are due to a combination of ancestral drainage patterns, a regional shift in sediment supply from northeast to southwest in the late Pleistocene, and sediment exchange related to modern inlet processes.
Mapping results (sediment distribution, bedform morphology, and sediment textural variation) along the inner shelf indicate a long-term southwesterly transport of sediment within Long Bay. Oceanographic studies suggest that the frequency and intensity of different storm types that pass through the region control the long-term sediment transport direction, with low pressure systems (e.g. nor'easter) dominating a net southwesterly along-shore transport direction with a weak onshore directed cross-shore component.
The long-term response of the shoreline appears to be closely tied to sediment availability and the geologic framework of the inner shelf. The stable regions of the shoreline lie along mainland beaches abutting Pleistocene shoreline deposits and fronted by erosion-resistant relict deposits exposed on the seafloor. Little to no Holocene sediment cover is present in these areas. The greatest rates of change in shoreline position occur around inlets and swashes where ample Holocene sediment is stored in the shoreface and inner shelf.
Due to a lack of any other significant source of sediment to the Grand Strand, erosion of the shoreface and inner shelf is the only available source of sand to balance the sediment budget. Although the processes controlling cross-shelf transport are complex and remain poorly understood, continued improvement of sediment transport modeling within Long Bay and other coastal systems (sand rich and sand starved) will aid in refining coastal sediment budgets, yielding a better understanding of decadal-to centennial-scale evolution of coastal systems, and predicting future coastal response to storms and long-term response to continued rise in sea level.
